In this study we investigate the factors which determine electricity prices in competitive power markets. This study not only gives a snapshot of important factors to be considered while modelling and forecasting electricity prices but also addresses the issue of electricity spot price pre-processing techniques used in the literature and the Stylized facts related to electricity markets. This study encourages and motivates entrepreneurs to look at power trading sector, which has traditionally been a bastion of technical expertise, but now, has stakeholders from all sections of society and businesses particularly with growing influx of financial experts due to deregulation, liberalization of electricity markets and introduction of power/energy exchanges around the world.
Introduction
Over the last few decades, many countries around the world (both developed and developing nations) have taken the path of power market deregulation and liberalization. The basic objective of separation of services and infrastructure has been to introduce competition, transparency, accountability and increased efficiency and thereby transforming electricity markets from vertically integrated, centralized structure to a deregulated, open and competitive power market environment (Girish, Panda & Rath, 2013; Weron & Misiorek, 2008; Weron, 2006; Kirschen & Strbac, 2004) .
Electricity is now treated as a commodity worldwide which can be bought, sold and traded at market rates like any other commodity. It's a fact that Electricity as a commodity is probably the most important man-made commodity which is different from other commodities because it cannot be stored economically and it has to be consumed whenever it is produced (since electricity travels at the speed of light). This unique feature of electricity makes its prices exhibit some unique features like seasonality (at annual level, weekly level and daily level), mean reversion, volatility, price spikes or jumps. Any kind of variability in end user demand coupled with variations in weather conditions such as temperature, rainfall, precipitation, water reservoir levels etc. plays a pivotal role in electricity price behaviour. External events like outages of power plants or non-availability/shortage of coal for thermal power stations or any kind of breakdown of electrical transformers or imperfection in transmission grid reliability will result in having significant impact and effect on electricity prices.
All this makes electricity price modelling critical for power market participants. In this study we investigate the factors which determine electricity prices in competitive power markets. In Section 2 we review the stylized facts of electricity markets. In Section 3 we take a closer look at competitive power market, modelling and forecasting techniques used in literature along with electricity price pre-processing techniques. In section 4 we discuss the determinants of electricity prices in competitive power market and we summarize and conclude in Section 5.
Real time balancing requirements of electricity supply and demand translates itself into seasonal behaviour of electricity spot prices in competitive electricity markets. Consumption of Electricity depends on the ever changing level of activities related to businesses i.e. commercial, industrial, household and also climatic conditions like temperature or the daylight hours available since it affects demand of electricity directly. This also makes demand of electricity seasonal with seasonal patterns within a day, week, month and year. This in turn affects electricity prices making it seasonal and cyclical depending on demand of electricity by commercial, industrial and household requirements.
A very strong mean reversion is observed in electricity market. In instances of increased demand, Electricity Generating stations having higher marginal costs will be used (ex: Oil, diesel) from supply side thereby increasing spot electricity prices. But when this demand returns to normal condition, these expensive generating stations will not be required to meet extra demand and are turned off thereby making spot electricity prices to revert back to its mean value. Unprecedented Volatility compared to any other financial or commodity market is observed for spot electricity prices. Any demand or Supply shock has critical impact on real time balancing because of non-storable nature of electrical energy coupled with inelastic nature of electricity demand over shorter time periods. Spot electricity prices are also prone to infrequent large spikes or jumps. This is essentially due to non-storability of electricity (economically) which implies that inventories (as used in other commodities) have no role in smoothening spot electricity price changes. Spikes or Jumps could also be accounted by generation capacity constraint, transmission problems (physical infrastructure limitations) and real time supply-demand balancing.
Electricity Price Modeling and Forecasting Literature
Electricity Price Modeling and Forecasting techniques used in the literature can be broadly divided into six classes namely Production-cost models, Equilibrium/game theoretic models, Fundamental/structural models, Quantitative/econometric/stochastic models, Statistical models and Artificial intelligence-based models (see Weron, 2006; Misiorek, Trueck & Weron, 2006; Girish, 2013 Girish et al. (2013) have classified electricity price modeling and forecasting techniques based on the models used as shown in Table 1 . Haldrup and Nielsen (2004) The models and studies related to modeling and forecasting of spot electricity prices have been empirically
International Journal of Business and Management Vol. 8, No. 21; 2013 investigated in different competitive power markets having energy/power exchanges. Table 2 gives the timeline of establishment of power exchanges around the world (especially the day-ahead/spot electricity markets). In this list of power exchanges, it is interesting to know that India is the only country having peak power deficit and yet having a power exchange making it an interesting power market to investigate in future with an ultimate objective of modeling spot price dynamics of electricity prices and forecasting. In literature, we find authors making use of log of Spot electricity price (S t ) which is assumed to be a sum of deterministic and stochastic components. There is no consensus about the technique to be used for electricity price pre-processing. Spot Electricity Price Pre-Processing can be achieved by (see Janczura, Trueck, Weron & Wolff, 2013 for further details):
 Use of sinusoidal for deterministic seasonal component (see Bierbrauer et al., 2007; Keles, Hartel, Most & Fichtner, 2012) .

Use of constant piece-wise function for deterministic seasonal component (see Knittel & Roberts, 2005; Higgs & Worthington, 2008) .
A combination of Sinusoidal and Constant piece wise function (see Bierbrauer et al., 2007) .
 Fourier analysis and wavelet decomposition (see Weron et al., 2004; Janczura & Weron, 2010) .
Factors Influencing Electricity Price in Competitive Market
The role of a power exchanges is to match supply and demand of electricity so as to determine the market clearing price (MCP) or the spot electricity price. Factors influencing Electricity Prices can be classified under a) Fundamental factors like price of fuel (i.e., Coal, oil, gas), weather conditions, temperature, precipitation,
International Journal of Business and Management Vol. 8, No. 21; 2013 rainfall, time indices such as day of the week, month of the year, season of the year and the cost of production of electricity per unit. b) Operational factors like electricity load electricity production levels (deficit/surplus), power transmission congestion in the grid, power system operating condition and also network maintenance. c) Strategic Factors like power market design, power purchase agreements, bilateral contracts between power market participants, Power Exchange and bidding strategies adopted by market players. d) Historical factors like prices and demand. In most of the power exchanges around the world, electricity trading in spot market is voluntary. Power market participants utilize this platform for hedging against price and volume risks. There is inconclusiveness in considering the factors for modeling and forecasting spot electricity prices in competitive power markets since electricity markets are regional and factors influencing price of electricity is different for different power markets. We find researchers using market clearing price of a spot market/day-ahead market for modeling and forecasting with an argument that the spot price of each-hourly contract truly reflects true market value and all the determinants of electricity price are factored into the market clearing price (see Cuaresma et al., 2004) . Other researchers incorporate exogenous variables like load, demand, Cost of fuel (coal, oil, gas), wind energy, temperature, weather conditions, rainfall and water reservoir level for modeling and forecasting spot electricity price (see Weron et al., 2004; Weron, 2006; Aggarwal et al., 2009; Kristiansen, 2012) .
Spot electricity price is defined as "The market clearing price (MCP) or Spot Electricity price is defined as the intersection of the supply curve (constructed from aggregated supply bids) and the demand curve (constructed from aggregated demand bids)" (Weron, 2006) . In a spot electricity market, the spot electricity contract is an hourly contract with physical delivery. In a power exchange, these contracts are not traded on a continuous basis, but, are rather auctioned once per day (the day before the actual electricity delivery). Market clearing spot electricity prices is given by intersection of total demand and total supply curves for a particular hour for each region of the electricity market. When demand is low, the spot electricity price is not very sensitive to any demand shifts reason being that the supply stack is usually flat for low demand region. Whenever the demand is high, the extra electricity that has to be generated to meet the demand usually comes from expensive sources of power generation like generating stations using oil and gas. A small change or increase in electricity consumption can make these prices increase substantially. As soon as the demand drops or reduces, the spot electricity price rapidly reduces to normal levels and the electricity generating stations with higher fuel costs are not required and are turned off. Some of the factors that influence this supply stack include fuel prices volatility, power plant outages, maintenance related issues of physical infrastructure, constraints related to transmission, unforeseen constraints or breakdown of the power system network or grid and also market power.
Conclusion
Electricity, like any other commodity, can be bought, sold and traded at market rates. Many developing and developed nations around the world have embraced power market deregulation and liberalization with an objective of introducing competition. In the present study, we have investigated the factors which determine electricity prices in competitive power markets and reviewed the important factors to be considered while modelling and forecasting electricity prices. We have also addressed the issue of electricity spot price pre-processing techniques to be employed before modeling and forecasting spot electricity prices. The results of the study highlight factors influencing electricity prices which can be considered for modeling electricity prices and gives a new perspective for entrepreneurs and other power market participants to look at power trading sector, which, till 1990's, had been a bastion of technical expertise, but now, has stakeholders from all sections of society and businesses. With a growing influx of investments related to energy for securing energy supply particularly in this most important man-made commodity, investments in energy commodities by investors as a new asset class and the fact that many financial experts have stepped into energy trading due to deregulation, liberalization of electricity markets and introduction of power/energy exchanges around the world, we believe, energy trading is all set to catapult to a new level and the separation between technical business and financial service will shrink even further in days ahead.
